Intraductal papillary neoplasia of the liver (IPNL) frequently presents gastrointestinal metaplasia with aberrant expression of MUC2 and MUC5AC and oversecretion of mucin into the ductal lumen. In this study, the involvement of CDX2, a homeodomain protein involved in the regulation of intestinal development and differentiation, in the expression of MUC2 was examined in mucinous intrahepatic cholangiocarcinoma (ICC) (n ¼ 7) and IPNL with hepatolithiasis (n ¼ 19) with comparison to conventional ICC (n ¼ 11), and intraductal papillary mucinous tumor and invasive ductal carcinoma of the pancreas (n ¼ 9 and 11, respectively). A total of 33 cases of hepatolithiasis, extrahepatic biliary obstruction and normal livers were used as the control. Immunohistochemically, both MUC2 and MUC5AC were frequently expressed in mucinous ICC and IPNL, while expression of MUC2 was not seen in conventional ICC. The nuclear expression of CDX2 was closely associated with the expression of MUC2 in mucinous ICC and IPNL. This intimate association of MUC2 and CDX2 was confirmed by double immunostaining. The cytoplasmic CDX2 expression was frequent in the mucinous and the conventional ICC and pancreatic carcinoma, irrespective of MUC2 and MUC5AC expression. CDX2 mRNA was detected in neoplastic cells showing cytoplasmic as well as nuclear expression of CDX2 by reverse transcriptase-polymerase chain reaction. One IPMT expressed MUC2 associated with nuclear CDX2 expression, while the other IPMT and conventional pancreatic carcinoma expressed MUC5AC only. Aberrant expression of CDX2 is closely related to the overexpression of MUC2 in mucinous ICC and IPNL associated with hepatolithiasia, suggesting its role in intestinal differentiation and its association with carcinogenesis in these tumors. Keywords: mucinous carcinoma; mucin-secreting tumor; cholangiocarcinoma; intestinal metaplasia; MUC2; MUC5AC; CDX2 Intrahepatic cholangiocarcinoma (ICC) is next in prevalence to hepatocellular carcinoma (HCC) among the primary liver carcinomas and shows a poor prognosis. Less than 10% of ICC patients have excessive mucin-producing tumor including mucinous carcinoma. Recently, intraductal mucin hypersecreting tumor resembling intraductal mucinous papillary tumor of the pancreas (IPMT) has been studied and 'intraductal papillary neoplasia of the liver (IPNL)' was coined for such a condition. 1 The prognosis of IPNL is rather favorable compared to conventional ICC. 2, 3 In these cases, dilated intrahepatic large and extrahepatic bile ducts are filled with papillary dysplastic or carcinomatous biliary epithelia with delicate fibrovascular stalks and oversecretion of mucin. Mucinous ICC is characteristically associated with some cases of IPNL.
1 There are also mucin-producing carcinomas or neoplasm in the other exocrine organs such as the pancreas and breast, and these have a significantly favorable prognosis when compared to conventional carcinomas. 4 These mucin-producing carcinomas share several histologic features, that is, mucinous ICC arising in hepatolithiasis is histologically characterized by well-circumscribed lakes of mucin that contain scant and detached malignant cells.
CDX2 is a caudal-related homeobox gene that encodes an intestine-specific transcription factor. 5, 6 CDX2 is expressed in intestinal epithelial cells of the goblet cell-type in normal colons. 5, 6 In addition, ectopic expression of CDX2 is known to occur in the intestinal metaplasia of the gastric mucosa [7] [8] [9] [10] and in Barrett's epithelium and inflammatory esophageal mucosa. 11 Gastric carcinoma of the intestinal type and adenocarcinoma arising in Barrett's esophagus express CDX2. 7, 8, 11 In vitro experiments have revealed the significant functional effects of CDX genes on intestinal differentiation and the transcription of intestine-specific genes such as MUC2, liverintestine (LI) cadherin, and sucrase isomaltase. 5, 6, 12 The gastric mucosa of CDX2-expressing transgenic mice also express intestinal genes such as MUC2 and alkalinephosphatase, 9 suggesting the CDX2-dependent expression of these intestinal genes.
We reported previously that IPNL with and without mucinous ICC and chronic proliferative cholangitis associated with hepatolithiasis frequently present a gastric or intestinal differentiation characterized by the aberrant expression of MUC2 and MUC5AC, 13, 14 Given that the aberrant expression of CDX2 causes an intestinal differentiation with MUC2 expression in the stomach and esophagus, it is conceivable that CDX2 may be involved in the development of intestinal differentiation in the intrahepatic biliary tree in hepatolithiasis. 13 However, it remains unclear whether or not the transcription of intestinal genes including MUC2 is regulated by CDX2 in IPNL and mucinous ICC. In this study, we examined the expression of CDX2 in IPNL arising in hepatolithiasis and conventional ICC, and also in conventional and mucin-secreting pancreatic carcinoma with respect to the expression of the MUC2 and MUC5AC mucins. Then, we comprehensively analyzed the significance of CDX2 and MUC2 in the development and progression of IPNL in hepatolithiasis.
Materials and methods

Patients and Tissue Preparation
Convetional carcinomas (11 cases of well/moderately differentiated ICC (adenocarcinoma), nine cases of well/moderately differentatied ductal invasive adenocarcinoma of the pancreas), and mucin oversecreting biliary and pancreatic neoplasms were used in this study. In the latter, seven cases of mucinous ICC associated with IPNL 1 and nine cases of IPMT were included. All mucinous ICC with IPNL were associated with hepatolithiasis. IPNLs with mild-to-moderate dysplasia (IPNL1 and 2) 1 (n ¼ 19) were also evaluated.
All of these cases were surgically resected, and were obtained from our departments and affiliated hospitals. The main clinicopathological features of these cases are shown in Table 1 . As controls with comparable age and sex distribution to the cases of IPNL, 19 cases of hepatolithiasis, eight cases of extrahepatic biliary obstruction, and six cases of histologically normal livers were used. All cases of hepatolithiasis alone or IPNL with hepatolithiasis showed chronic proliferative cholangitis in the nonneoplastic biliary parts. 15 Three colorectal carcinomas were used as a known positive control for immunohistochemical detection of MUC2 and CDX2. The tissue specimens were fixed in 10% neutral formalin and embedded in paraffin. More than 20 thin sections, 4 mm in thickness, were cut from each paraffin block, and several of them were processed for histological diagnosis and routine histological studies. The remaining were used for the following immunohistochemistry: formalinfixed and paraffin-embedded specimens from four cases each of mucinous ICC, conventional ICC, and IPNL associated with hepatolithiasis were used for the in situ hybridization study. In addition, three specimens of mucinous ICC, one of conventional colon carcinoma, four of conventional ICC, and two of normal control livers were used for the following reverse transcriptase-polymerase chain reaction (RT-PCR), using microdissected tissues.
Immunohistochemistry
The distribution and expression of MUC2, MUC5AC and CDX2 were examined immunohistochemically. As for the primary antibodies, the following were used: MUC2 (Novocastra, New Castle, UK; close Ccp58, 1:100), MUC5AC (Novocastra, clone: CLH2, 1:500) and CDX2 (BioGenex, San Ramon, CA, USA; clone: CDX2-88, 1:100). The deparaffinized and rehydrated tissue sections were pretreated in a microwave oven in citrate buffer (pH 6) at 951C for 20 min for antigen retrieval. Then, the sections were immersed in 0.3% H 2 O 2 in methanol for 20 min to abolish endogenous peroxidase activities, and immersed in 3% normal goat serum diluted in phosphate-buffered saline for 60 min. The sections were then incubated with one of the primary monoclonal antibodies described above at 41C overnight. Then, the sections were treated with goat anti-rabbit immunoglobulins conjugated to peroxidase labeled-dextran polymer (Envision þ TM , Dako, Santa Barbara, CA, USA). The reaction products were visualized using 3-3 0 -diaminobenzidine tetrahydrochloride (Sigma Chemicals, St Louis, MO, USA) and H 2 O 2 . The sections were then lightly counterstained with hematoxylin. There was no positive staining when H 2 O 2 without DAB or DAB without H 2 O 2 was applied. Negative controls included substituting for the primary antibody with similarly diluted mouse control immunoglobulin G (Dako).
The immunohistochemical expression of MUC2, MUC5AC, and CDX2 was assessed as follows: in the conventional and mucin oversecreting carcinomas or neoplasms, MUC2 and MUC5AC were immunohistochemically expressed as a diffuse and fine granular staining pattern in their cytoplasm. In the goblet cells, goblet mucus itself was spared, although the cytoplasm surrounding the mucin globules was positive. As for CDX2, there were immunohistochemically two staining patterns in these carcinomas or neoplasms: nuclear immunoreactivity as well as a granular cytoplasmic staining pattern. These two stainings were mutually exclusive in individual cases. The neoplastic and carcinoma cells showed both staining patterns in a variable combination, while non-neoplastic colorectal mucosa showed only nuclear CDX2 expression. Both nuclear and cytoplasmic staining of CDX2 were evaluated separately with respect to the expression of MUC2 and MUC5AC in individual groups.
When more than 10% of carcinoma or neoplastic cells were positive for MUC2, MUC5AC, or CDX2, such cases were regarded as positive. Furthermore, when from 10 to 50% of carcinoma or neoplastic cells were positive, such cases were regarded as slightly positive, and when more than 50% of carcinoma or neoplastic cells were positive, such cases were regarded as markedly positive. In the biliary lining epithelia of the intrahepatic biliary tree of the control livers, the expression of MUC2, MUC5AC, and CDX2 was similarly evaluated.
Double Immunostaining of CDX2 and MUC2, and of CDX2 and MUC5AC
Double immunohistochemical staining was performed to assess simultaneous detection of CDX2 and MUC2, or CDX2 and MUC5AC, or MUC2 and MUC5AC in non-neoplastic and neoplastic biliary and carcinomatous cells. Two cases of IPNL, Two cases of conventional ICC, Two cases of mucinous colorectal carcinoma, one case of IPMT (in situ type), one case of conventional ductal pancreatic carcinoma, and two cases of hepatolithiasis alone were used for this study. That is, the deparaffinized sections were incubated with normal goat serum (diluted 1:10, Vector Laboratory, Burlingame, CA, USA) for 20 min, immersed within 10 mM citrate buffer and heated in a microwave oven at 951C for 20 min, and then added to mouse monoclonal antibody to CDX2 overnight at 41C, followed by a goat anti-mouse immunoglobulin conjugated to alkaline phosphatase labeled-dextran polymer (Dako Envision-AP TM ; neat; Dako) for 60 min. Reaction product was visualized with a Vector Red TM Alkaline Phosphatase Substrate Kit I (Vector). After stopping color development, the sections were incubated in 10 mM citrate buffer at 951C for 20 min to inactivate the antigenicity of the first antibody, and then a mouse monoclonal anti-human antibody to MUC2 or MUC5AC as described above was applied overnight at 41C, followed by incubation with FITC-labeled goat anti-mouse immunoglobulin (diluted 1:40, Dako) for 60 min. Then the sections were mounted using a Slow Fade TM Light Antifade Kit (Molecular Probes Inc., Eugene, OR, USA) and observed under fluorescent microscopy. No positive staining was obtained when primary monoclonal antibody was omitted or replaced by normal mouse serum in the negative controls of the staining procedures.
RT-PCR of CDX2 and MUC2 mRNA using Samples Isolated from Microdissected Tissue A total RNA was isolated from three foci of mucinous ICC and a foci of conventional colorectal carcinoma with MUC2 and nuclear CDX2 expression, four foci of conventional ICC with cytoplasmic CDX2 and no MUC2, and two foci of normal intrahepatic large bile ducts expressing neither CDX2 nor MUC2 using a Pinpoint slide RNA isolation system II (Zymo Research, Orange, CA, USA). After cDNA was synthesized, RT-PCR was carried out using the intron-spanning PCR primer sets for the amplification of CDX2, MUC2, and GAPDH as follows: CDX2 forward, 5 0 -GGAACCTGTGCGAGTGG; reverse, 5 0 -TT-CCTCCGGATGGTGATGTA (PCR products, 160 bp); MUC2 forward, 5 0 -CCCGGCCTCTGCGACTA; reverse, 5 0 -GCGGGT-GAGGTAGATGGTGT (PCR products, 156 bp); GAPDH forward, 5 0 -CGACAGTCA-GCCGCA-TCTT; reverse, 5 0 -TTCCCCATG-GTGTCTGAGC (PCR products, 65 bp).
Statistical Analysis
Differences between each group were analyzed with Wilcoxon's rank sum test, and the significance level was defined as Po0.05.
Results
Nuclear and Cytoplasmic Expression of CDX2
Two types of CDX2 expression pattern, nuclear (Figure 1a and g ) and cytoplasmic (Figure 1d ), were seen variously in carcinomas or non-neoplastic cells. The immunohistochemical expression pattern of CDX2 in each group is summarized in Table 2 and Figure 2 . In the mucinous ICC, the nuclear expression of CDX2 was significantly frequent (in 71% of the cases), when compared with that of conventional ICC as well as IPMT, conventional pancreatic carcinoma. The cytoplasmic expression of CDX2 was seen in 29 and 64% of mucinous ICC and the conventional ICC, respectively. In all, 11% of IPMT express nuclear CDX2, while none of the conventional pancreatic carcinoma expressed CDX2 in the nucleus. The cytoplasmic expression of CDX2 was seen in 33 and 73% of IPMT and conventional pancreatic carcinoma, respectively. Nuclear and cytoplasmic expression of CDX2 were seen focally in biliary epithelial cells (BECs) in IPNL (16 and 26%, respectively), hepatolithiasis (16 and 26%, respectively) and extrahepatic biliary obstruction (EBO) livers (25 and 13%, respectively). CDX2 expression was not detected in any of the normal livers.
Immunostaining of MUC2 and MUC5AC with Respect to CDX2 Expression
In mucinous and the conventional biliary and pancreatic carcinomas, IPNL, and BECs in hepatolithiasis, MUC2 and MUC5AC were variously expressed in the cytoplasm of carcinomas and nonneoplastic epithelial cells as a diffuse staining pattern (Figure 1b and h. They tended to show clustering in some parts or areas of the carcinoma, The expression of MUC2 was significantly frequent in mucinous ICC when compared with that in conventional ICC, IPMT, and conventional pancreatic carcinoma (Po0.05) ( Table 2 ). In addition, MUC2 expression was increased in IPNL and BECs in hepatolithiasis when compared with that in BECs in EBO livers and normal livers (Po0.05).
The correlation between MUC2 expression and the pattern of CDX2 expression is shown in Table 3 . All of the five cases of mucinous ICC with nuclear CDX2 expression expressed MUC2, while none of the remaining mucinous ICC and conventional ICC cases, which lacked nuclear CDX2 expression, expressed MUC2 at all, irrespective of the cytoplasmic expression of CDX2. One case of IPMT with nuclear CDX2 expression expressed MUC2, whereas no cases of IPMT or conventional pancreatic carcinoma without nuclear CDX2 expressed MUC2 at all. In all of the cases of IPNL and hepatolithiasis with nuclear CDX2 expression, MUC2 was expressed. In addition, a focal expression of MUC2 was observed in IPNL and hepatolithiasis with cytoplasmic CDX2 expression. MUC2 expression in carcinoma and non-neoplastic cells was closely correlated to the nuclear expression of CDX2 (Po0.05).
The expression of MUC5AC was significantly frequent in mucinous and the conventional ICC, IPMT, conventional pancreatic carcinoma, IPNL, and BECs in hepatolithiasis when compared with BECs in EBO livers ( Table 2 ). The expression of MUC5AC was seen in the cytoplasm of carcinoma cells as well as non-neoplastic cells in hepatolithiasis (Figure 1c, f, and i) . The correlation between MUC5AC expression and the pattern of CDX2 expression is shown in Table 4 . There was no correlation between the expression of MUC5AC and the pattern of CDX2 expression.
In the surrounding pancreas, there was no expression of MUC2 or MUC5AC in the surrounding exocrine acini, ducts, or the islet cells in the cases of IPMT or conventional ductal carcinoma. In the surrounding liver around the mucinous ICC and IPNL with hepatolithiasis and hepatolithiasis alone of the control livers, MUC5AC and, to a lesser degree, MUC2 and CDX2 were expressed in the biliary epithelium of the intrahepatic biliary tree. However, such expressions were not evident in the EBO livers or in the surrounding non-neoplastic liver of conventional ICC cases. RT-PCR for CDX2 mRNA and MUC2 mRNA CDX2 mRNA expression was detected in the tissue samples taken from MUC2-positive and nuclear CDX2-positive areas as well as in the samples taken from MUC2-negative and cytoplasmic CDX2-positive areas (Figure 4 ). CDX2 mRNA was not detected in the samples taken from MUC2-negative and CDX2-negative normal large bile ducts as a negative control (Figure 4 ). MUC2 mRNA was detected in all the tissue samples from MUC2-positive and nuclear CDX2-positive areas, and two of four samples taken from MUC2-negative and cytoplasmic CDX2-posi- tive areas (Figure 4 ). MUC2 mRNA was not detected in the samples taken from MUC2-negative and CDX2-negative normal large bile ducts as a negative control ( Figure 4 ).
Discussion
BECs in intrahepatic large bile ducts express MUC3, but they do not express MUC2 and MUC5AC physiologically. 14, 16 In the present study, MUC5AC was expressed widely and MUC2 focally in reference cases of IPNL. Mucinous ICC associated with hepatolithiasis expressed both MUC2 and MUC5AC frequently. These findings agree with our previous study. 13, 17 In contrast to mucinous ICC, conventional ICC frequently expressed MUC5AC, but no MUC2, in carcinoma cells. Therefore, the expression of MUC2 seems to be a specific feature of mucinous ICC and IPNL.
Recent studies showed that CDX2, a regulator of the development, proliferation and differentiation of intestinal epithelial cells, 5, 12, 18 is closely related to intestinal metaplasia in the gastric mucosa and Barrett's esophagus. [7] [8] [9] [10] [11] 19 The present study clearly showed that MUC2 expression as an intestinal differentiation could be dependent on the nuclear expression of CDX2 in IPNL and mucinous ICC in the same manner as in the gastric mucosa and Barrett's esophagus. [7] [8] [9] [10] [11] 19 The CDX2 mRNA expression detected by RT-PCR using microdissected tissue confirmed the expression of CDX2 protein detected by immunohistochemistry. The expression of MUC2 in IPMT is also in parallel with the nuclear expression of CDX2. Two types of CDX2 expression, nuclear and cytoplasmic, were seen in the present study as described previously, 8, 12 and the nuclear expression of CDX2 was closely related to the MUC2 expression in IPNL, mucinous ICC, and some of IPMT. The nuclear expression of CDX2 seems to be more suitable as a transcriptional factor, which is responsible for intestinal differentiation and MUC2 expression in IPNL and other carcinomas. 5, 12, 18 The cytoplasmic pattern was reported in the stomach and Barrett's epithelium and in inflammatory esophageal mucosa. 8, 12 This pattern was correlated with neither MUC2 nor MUC5AC expression. The cytoplasmic expression of CDX2 as well as the nuclear type was not seen in the normal biliary epithelium. It is of interest that the present study showed that CDX2 mRNA was detected not only in the cells with nuclear CDX2 expression but also in the cells with cytoplasmic CDX2 expression by RT-PCR using microdissected tissues. These findings confirm that the immunohistochemical cytoplasmic CDX2 expression was not caused by crossreaction of the antibody, and suggests that CDX2 protein is synthesized and retained in the cytoplasm. In the cells with cytoplasmic expression of CDX2, translocation of CDX2 protein synthesized in the cytoplasm might have been blocked, and therefore CDX2 protein accumulated in the cytoplasm and was detectable immunohistochemically. In the case of cyclin D1, which is also expressed in both the nucleus and cytoplasm, in vitro mutation of the cyclin D1 gene influences the localization of cyclin D1-cdk4 protein complexes to the cytoplasm in mouse cells. 20, 21 In addition, it has been suggested that cdk inhibitors, including p21, may have roles as adaptor proteins involved in the assembly and intracellular localization of the above proteins. 21 Therefore, it is likely that an additional unknown factor such as an adaptor or inhibitor may be involved in the localization of CDX2. It remains to be clarified what kind of factor is critical for the regulation of CDX2 translocation. It is unknown why MUC2 mRNA was detected by RT-PCR in 2 of 4 RNA samples taken from the cytoplasmic CDX2-positive areas in spite of negative immunohistochemical expression of MUC2. Since RT-PCR is such a sensitive method for the detection of a small amount of mRNA, it is plausible that a very low level of MUC2 mRNA, which is not enough to make immunohistochemical MUC2 expression, may be detected in the present study.
Intestinal-type gastric cancer is often preceded by intestinal metaplasia in humans. The genetic events responsible for the transdifferentiation that occurs in intestinal metaplasia are not well understood. CDX2 is a key molecule that causes intestinal metaplasia and the subsequent carcinoma of the intestinal type. [7] [8] [9] [10] [11] Similarly, CDX2-dependent intestinal metaplasia is noted in Barrett's esophagus, which is followed by esophageal adenocarcinoma.
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The present study also showed CDX2-dependent intestinal metaplasia in IPNL, which is proposed as a premalignant lesion in intrahepatic biliary tree. Therefore, CDX2 is a common key molecule in IPNL, gastric carcinoma, and Barrett's adenocarcinoma, in which transient or constant intestinal metaplasia is important in the carcinogenesis. So, it is conceivable that a common factor, which promotes or regulates CDX2 expression, is closely related to the pathway of stepwise carcinogenesis of these carcinomas.
There have only been a few reports regarding the factors that regulate CDX2 expression. [22] [23] [24] [25] [26] Chronic acid exposure 25 and butyrate 23 induce the expression of CDX2, and phosphatase and tensin homolog deleted from chromosome 10 (PTEN) stimulate CDX2 protein expression, 22 reportedly. Inversely, a low concentration of TNF-a, 22 and oncogenic ras activation, 26 decrease CDX2 expression. Since bacterial infection is usually associated with hepatolithiasis, it is plausible that butyrate or other acidic biproducts of fermentation by bacteria may be involved in the aberrant expression of CDX2 in BESs and IPNL in hepatolithiasis. The participation of TNF-a in the regulation of CDX2 expression needs to be elucidated, since our group recently reported the protein kinase C-dependent induction of MUC2 and MUC5AC by TNF-a in cultured murine BECs. 27 In colorectal, pancreatic, and biliary tumors, the expression of two well-characterized mucin antigens, MUC1 and MUC2, has been correlated with the aggressiveness of these tumors. MUC1 expression was more frequent in invasive conventional carcinoma with poor prognosis, whereas MUC2 expression was higher in the mucinous type of these tumors with a favorable outcome. [28] [29] [30] [31] MUC2 itself has a property of a tumor suppressor gene. 32 Furthermore, accumulating data suggest that CDX2 functions as a tumor suppressor. Forced expression of CDX2 in various intestinal epithelial cell lines inhibits cell proliferation and stimulates cell differentiation and apoptosis. 26, 33 CDX2 restoration in CDX2-negative cells decreased the proliferative activity.
34 CDX2 expression decreases with the tumor grade in human colon cancers and in chemically induced tumors in the rat. 35 In fact, we have reported that the proliferative activity is lower in MUC2-positive, suspected CDX2-positive gallbladder carcinoma when compared with MUC2-negative carcinoma cells. 36 Taking these facts into consideration, CDX2-dependent regulation of cell proliferation may be an important factor in defining the prognosis of the patient.
The present study shows that MUC5AC, which implies a gastric foveolar metaplasia, is aberrantly expressed in IPNL and conventional ICC, and also in IPMT and conventional ductal pancreatic carcinoma. We have reported that aberrant expression of MUC5AC frequently occurs in the biliary mucosa in hepatolithiasis, and biliary epithelial dysplasia and IPNL. 14, 17, 37 The aberrant expression of MUC5AC has also reportedly been seen in the early step of pancreatic carcinoma. 38 Therefore, aberrant expression of MUC5AC may be a common feature suggesting the early step of carcinogenesis in epithelial cells of intrahepatic bile ducts and pancreatic ducts. Although cytoplasmic CDX2 was frequently observed in the same diseases in which MUC5AC expression was evident, there was no significant correlation between the expression of cytoplasmic CDX2 and that of MUC5AC. At the moment, we have no evidence suggesting which molecules are involved in the transcription of gastric metaplasia and the aberrant expression of MUC5AC.
Mucin-secreting tumors of the intrahepatic biliary tract show frequent expression of MUC2 and nuclear CDX2. MUC2 expression as an intestinal differentiation is closely related to the expression of CDX2 in IPNL and mucinous ICC associated with hepatolithiasis in the same manner as intestinal metaplasia in gastric mucosa and Barrett's esophagus. This suggests that a common pathway of carcinogenesis may be involved in ICC associated with hepatolithiasis, gastric carcinoma, and adenocarcinoma in Barrett's esophagus, in which CDX2-dependent intestinal metaplasia develops.
